Numerous studies have reported favorable outcomes using drug-coated balloons (DCBs) for treatment of symptomatic peripheral artery disease of the superficial femoral and popliteal arteries. However, the treatment effect compared with an uncoated balloon has differed greatly among the randomized trials, with better outcomes observed with higher-dose DCBs. This European trial was designed to assess the safety and effectiveness of a next-generation low-dose (2-µg/mm 2 surface dose of paclitaxel) DCB.
P
eripheral artery disease contributes to significant morbidity and mortality, affecting ≈27 million adults in Europe and North America. 1 The overall prevalence of peripheral artery disease is estimated to be 3% to 10% and increases to 15% to 20% in adults >80 years of age. 2 The superficial femoral artery (SFA), the longest artery in the human body, is exposed to the highest levels of dynamic mechanical stress and is involved in the majority of patients with peripheral artery disease. It is challenging to maintain patency after revascularization of the SFA. Primary patency rates of ≈55% can be reached with optimal percutaneous transluminal angioplasty (PTA) at 1 year. 3, 4 Elective stenting has raised this closer to 80%. 5 However, hesitance exists concerning the elective use of stents given the burden of treating in-stent restenosis and the desire to avoid an unnecessary permanent implantation. Therefore, PTA with provisional stenting still represents the most widely adopted endovascular treatment in this patient population.
Stents coated with paclitaxel, an antiproliferative agent, have proven safety and have shown superior 12-month effectiveness compared with bare metal stents. 6, 7 Recent research suggests that paclitaxel drugcoated balloons (DCBs) are viable alternatives to drugeluting stents, with the added advantage of avoidance of a permanent implantation. Several studies demonstrate that DCBs are safe with durable clinical outcomes. 4, [8] [9] [10] [11] Current commercially available DCBs all contain the same drug (paclitaxel) but have different doses or surface concentrations (2-3.5 µg/mm 2 ), excipients, coating methods, and drug formulations (crystalline, amorphous, or hybrid). Bench and preclinical tests confirm that drug tissue uptake, residency, drug loss, and drug effect are different across DCB platforms. [12] [13] [14] The first-in-human trial with this low-dose DCB was promising. 8 The primary patency rates were 89.5% and 80.3% at 12 and 24 months, respectively. The objective of the present study was to assess the safety and effectiveness of this low-dose DCB compared with a standard PTA balloon in symptomatic patients with SFA and/or proximal popliteal artery disease.
METHODS Study Design
This was a multicenter, single-blinded, randomized controlled trial conducted at 18 centers in Germany and Austria to assess the safety and effectiveness of a low-dose DCB (Stellarex, Spectranetics Corp, Colorado Springs, CO) versus a standard PTA balloon in symptomatic patients with SFA and/or proximal popliteal artery disease. The study was approved by the ethics committee at each participating center, and patients provided signed written informed consent before enrollment. The study was prospectively registered (http://www.clinicaltrials.gov; unique identifier: NCT01858363).
Patient Selection
Eligible patients reported moderate to severe claudication or ischemic rest pain (Rutherford class 2-4) with angiographic evidence of >70% stenosis within the SFA and/or popliteal artery, 1 or 2 de novo or restenotic lesions with a cumulative length of 30 to 200 mm, and reference vessel diameter of 4 to 6 mm. Important patient eligibility criteria are detailed in Table  I in the online-only Data Supplement.
Randomization, Blinding, and Data Quality
After successful lesion crossing and predilatation with ≤70% residual stenosis and no flow-limiting dissection, patients were randomized to treatment with DCB or PTA with blocked allocation with a 3:1 ratio stratified by site. Patients requiring provisional stent placement after predilatation underwent postdilatation with DCB and were not randomized but instead were assigned to the stent cohort and analyzed separately. Investigators and research staff at the study centers were not blinded to treatment assignment given visual differences in the study devices. Patients remained blinded to treatment assignment throughout the study.
Independent core laboratories analyzed all images, including duplex ultrasound (VasCore, Massachusetts General Hospital, Boston, MA) and angiography (SynvaCor, Springfield, IL). Core laboratory readers remained blinded to treatment assignment. A blinded Clinical Events Committee who did not participate in the study adjudicated all adverse events. An independent Data Safety and Monitoring Board monitored the study for safety. Data were monitored for accuracy with 100% source document verification.
Study Device and Procedure
The DCB coating includes a low dose (2 μg/mm 2 ) of paclitaxel with a polyethylene glycol excipient. The DCB is coated while unfolded and partially inflated; then it is deflated and folded into the final configuration. This coating method allows most of the drug to be protected by the balloon folds during delivery to the target lesion and provides a uniform circumferential delivery to the artery. The DCB is available in 4-, 5-, and 6-mm diameters and 40-, 80-, and 120-mm lengths.
Clinical Perspective
What Is New?
• In symptomatic patients with superficial femoral and/or proximal popliteal artery disease, this low-dose drug-coated balloon is safer and more effective than an uncoated percutaneous transluminal angioplasty balloon through 12 months of follow-up.
What Are the Clinical Implications?
• A low-dose drug-coated balloon is a promising treatment option in symptomatic patients with superficial femoral and/or popliteal artery disease.
Patients received dual antiplatelet therapy before the procedure per hospital standard of care. After the procedure, the study protocol required patients to take acetylsalicylic acid for the duration of the study and recommended the additional use of clopidogrel for 30 days after the procedure or for 90 days if a stent was placed. Balloon length was required to be ≥10 mm longer than the predilatation balloon length, and balloon inflation time was ≥1 minute in each group. Patients with residual stenosis >30% or flow-limiting dissection after treatment with the study device underwent postdilatation. In the DCB group, postdilatation was performed with DCB or PTA. In the PTA group, postdilatation was performed with an uncoated balloon catheter only. If postdilatation was unsuccessful, provisional stent placement was performed.
Patient Follow-Up
Patients returned for clinical visits at 1, 6, and 12 months that included clinical assessment, functional status (excluding 1 month), adverse events, medication compliance, and duplex ultrasound examination. Patient follow-up is ongoing for up to 5 years, with the primary effectiveness and safety results at 12 months of follow-up presented here.
Outcomes
The primary safety end point was a composite of freedom from device-and procedure-related death through 30 days after the procedure and freedom from target limb major amputation and clinically driven target lesion revascularization (CD-TLR) through 12 months. The primary effectiveness end point was primary patency (per lesion) through 12 months, defined as the absence of target lesion restenosis (duplex ultrasounddetermined peak systolic velocity ratio ≤2.5) and freedom from CD-TLR. CD-TLRs were adjudicated by a blinded Clinical Events Committee and defined as a revascularization of the target lesion with a peak systolic velocity ratio ≥2.5 by duplex ultrasound (or percent diameter stenosis >50% by angiography) and worsening of Rutherford classification or abnormal ankle-brachial index (ABI) that was clearly referable to the target lesion. Worsening was defined as Rutherford increase of at least 1 class from the earliest postprocedural measurement or an ABI decrease >0.15 from the maximum early postprocedural level. The degree of stenosis was determined by independent, blinded core laboratories. Technical success (per lesion) was defined as final in-lesion residual diameter stenosis ≤50% determined by the angiographic core laboratory without a device malfunction. Clinical success (per patient) required technical success without a procedural major adverse event (MAE). Lesion success (per lesion) required final in-lesion residual diameter stenosis of ≤50% determined by the angiographic core laboratory. Procedural success (per patient) was defined as lesion success without a procedural MAE. Additional outcomes included MAEs defined as cardiovascular death, target limb amputation, or CD-TLR, as adjudicated by the blinded Clinical Events Committee. Other secondary end points included change in ABI, walking impairment questionnaire score, Rutherford classification, and walking distance compared with baseline. ABI was defined as the ratio of the highest ankle systolic pressure to the highest brachial systolic pressure. The change in walking distance was assessed by a treadmill test or 6-minute walk test and calculated per subject, with the baseline result compared with the result at 12 months using the same assessment method.
Statistical Analysis
The primary safety hypothesis was that freedom from a primary safety end point at 1 year with DCB would be noninferior to PTA. A noninferiority margin of 5% absolute difference was deemed a clinically nonsignificant difference. A priori, if noninferiority was met and the lower 95% confidence limit was >0%, superiority would be claimed. The primary effectiveness hypothesis was that primary patency at 1 year would be superior with DCB versus PTA. Given 3:1 randomization, 90% power, 1-sided α of 0.025, absolute difference of 5% noninferiority margin for safety, and estimated safety and effectiveness end-point rates of 80% with DCB and 60% with PTA, 176 patients were required for the primary safety end point and 280 for the primary effectiveness end point.
Continuous data are reported as mean and SD; categorical data are reported as frequency and percentage. Comparisons of baseline characteristics were performed with independent-samples t test, Fisher exact test, or χ 2 test as appropriate. Noninferiority was assessed with a Farrington-Manning exact test, and superiority was evaluated with a χ 2 test. The Kaplan-Meier method and log-rank tests were used to evaluate time-to-event outcomes, including primary patency and freedom from CD-TLR through 12 months of follow-up. Time-to-event effectiveness outcomes are displayed through 395 days (12-month follow-up plus 30-day visit window). All analyses were prespecified in a statistical analysis plan. Data were analyzed with SAS version 9.3 or higher (SAS Institute, Cary, NC).
Role of the Funding Source
The clinical trial was designed by the principal investigator (H.S.), Philippe Marco, MD, and the study sponsor. Study data were collected, monitored, and analyzed by the study sponsor (currently The Spectranetics Corp). Investigators (H.S. and M.B.) prepared the first draft of the manuscript, which was then critically reviewed and edited by the other authors. The study sponsor had the right to review, but not to approve, the final manuscript. The authors had full access to all data and take full responsibility for the accuracy, completeness, and integrity of the reported analyses and data interpretation.
RESULTS

Patient Enrollment and Follow-Up
Between December 2012 and April 2015, 294 patients were randomized to DCB (222 patients, 254 lesions) or PTA (72 patients, 79 lesions) at 18 centers in Germany and Austria (listed in the online-only Data Supplement). Data are reported separately for 33 patients who underwent provisional stent placement after failed predilatation. One patient who was not randomized was treated with DCB and excluded from all analyses (Figure 1 ).
Patient and Procedural Data
No statistically significant differences were noted in baseline patient characteristics between groups (Table  1) . Lesion characteristics were comparable across the randomized cohorts, including mean lesion length (7.2 versus 7.1 cm), diameter stenosis (79% versus 81%), and total occlusions (both 19%). The only significant difference between groups was noted in reference vessel diameter (5.0±0.8 versus 4.8±0.7 mm; P=0.01; Table 2 ). Procedural outcomes were not statistically different between DCB and PTA, including flow-limiting dissection (0.4% versus 0%), provisional stent placement (15% versus 11%), and diameter stenosis after the procedure (24% versus 23%; Table 3 ). Comparing DCB with PTA acute success rates showed the following: technical success, 99.2% versus 100%; clinical success, 99.1% versus 100%; lesion success, 99.6% versus 100%; and procedural success, 99.5% versus 100%.
Safety Outcomes
Freedom from a primary safety event was 94.1% (193 of 205) with DCB and 83.3% (50 of 60) with PTA, for a difference of 10.8% (95% confidence interval, 0.9%-23.0%). The lower limit of the 95% confidence interval of the difference was greater than −5%; thus, noninferiority was established. In addition, superiority of DCB was established because the lower confidence interval limit exceeded 0. The Kaplan-Meier freedom from CD-TLR estimates were 94.8% for DCB and 85.3% for PTA at 365 days (log-rank P=0.010; Figure 2) . A total of 20 MAEs were reported in 14 DCB patients (6.8%) and 12 MAEs were reported in 11 PTA patients (18.0%; P=0.008). For DCB versus PTA, CD-TLR was 5.9% versus 16.7% (P=0.014), cardiovascular death was 1.0% versus 1.6% (P=0.542), and target limb amputation was 0.5% versus 0% (P>0.99). The target limb amputation was a minor amputation (toe) 354 days after the procedure. No major amputations were reported in either cohort.
Effectiveness Outcomes
The primary effectiveness outcome, primary patency proportional rates per assessable lesion through the 12-month follow-up (day 395), was 83.9% (188 of 224) for DCB and 60.6% (40 of 66) for PTA, for a difference of 23.3% (95% confidence interval, 10.6%-36.1%; P<0.001). Therefore, the primary effectiveness end point was also met, and superiority over PTA was demonstrated.
The Kaplan-Meier primary patency rate was 89.0% for DCB and 65.0% for PTA at day 365 (log-rank P<0.001; Figure 3 ). In addition, significantly favorable outcomes were observed with the DCB when primary patency was evaluated by sex ( Figure 4 ) and diabetes status (FigFigure 1 . Patient flow diagram.
Twelve-month follow-up visit completed in 89% treated with a drug-coated balloon (DCB) and 85% treated with percutaneous transluminal angioplasty (PTA). ure 5). The primary patency rate in the DCB cohort was 89.2% in patients with diabetes mellitus and 88.8% in patients without diabetes mellitus (P=0.4724). Likewise, no statistical difference in the primary patency rates was observed in the DCB cohort when stratified by sex (90.4% in men and 85.3% in women; P=0.3064).
This study allowed postdilatation with a DCB in the DCB arm. This occurred in 24 lesions (17%). When these lesions are excluded from the analysis, the primary patency rate at day 365 is 88.4%. To assess the impact of the statistically significant difference between groups in baseline reference vessel diameter (P=0.012) on the primary end points, logistic regression models were used to provide both adjusted and unadjusted comparisons.
For both primary effectiveness and safety, baseline reference vessel diameter is significantly associated with outcomes. However, there is no statistical evidence of interaction effects, and the impact on the treatment group comparisons is minimal, with unadjusted odds ratios for DCB versus PTA versus adjusted odds ratios of 3.394 versus 3.105 for patency and 3.217 versus 2.827 for safety. Therefore, this difference does not affect the overall study conclusions.
At 12 months, a similar percentage of patients in both the DCB and PTA cohorts had improvements in ABI (83.9% and 76.8%), Rutherford classification (89.2% and 86.2%), and walking distance (77.1% and 72.1%). ABI improvement was similar with DCB (0.71±0.20 to 0.93±0.14) and PTA (0.66±0.27 to 0.90±0.16) through 12 months. These similar outcomes were achieved with a significant, almost 3-fold lower rate of CD-TLR in the DCB cohort (5.9% [ 
Outcomes With Provisional Stent Placement
A total of 33 patients were enrolled in a nonrandomized cohort after provisional stent placement for suboptimal predilatation. After suboptimal predilatation, these patients were not randomized; all were stented and then treated with a DCB. The majority of these patients (75.8%) were men with a mean age of 66±8 years. Comorbidities included hypertension (78.8%), hyperlipidemia (69.7%), diabetes mellitus (36.4%), and previous coronary revascularization (30.3%). The mean lesion length was 8.8 cm, 54.5% were chronic total occlusions, and 15.6% were severely calcified. At 12 months, the primary patency was 78.8% (26 of 33) and CD-TLR rate was 12.1% (4 of 33).
Within the randomized DCB cohort, a bailout stent was placed in 38 patients (39 of the 42 target lesions in this subgroup). The mean lesion length was 8.4 cm; 40.5% were chronic total occlusions, and 11.9% were severely calcified. The 12-month primary patency rate was 75.0% (30 of 40) in this cohort. A total of 181 patients with 209 lesions were treated with a DCB and not stented. The mean lesion length was 6.9 cm; 14.9% were chronic total occlusions, and 12.9% were severely calcified. The primary patency rate in this cohort was 85.9% (158 of 184). Primary patency was not statistically different in patients treated with versus without bailout stent placement in the DCB group (P=0.09).
DISCUSSION
This was the first randomized controlled trial to assess the effectiveness and safety of the Stellarex DCB versus standard uncoated PTA to treat SFA and/or popliteal artery disease. The trial demonstrated superior safety and effectiveness outcomes in the DCB arm and validated the results of the previously reported first-inhuman study. 8 The core laboratory-adjudicated primary patency rate at day 365 was 89.0% in the DCB arm of this trial, a rate comparable to that observed in the first-in-human study (89.5%), validating those early promising outcomes. Uniquely, this study allowed postdilatation with a DCB in the DCB arm. When these lesions are excluded from the patency analysis, there is a negligible change in the patency rate at day 365 (88.4%).
There are 2 other published randomized trials comparing DCB and PTA in similar patient populations and characterized by the same rigorous trial design and conduct related to 2 DCBs of different drug doses, 2.0 µg/mm . Two-year data for this trial have been reported, and no late catchup was observed; 2-year patency rates were 78.9% versus 50.1% in the PTA arm (log-rank P<0.001), demonstrating a sustained clinical benefit after short-term exposure to an effective DCB. The most important differentiator between the IN.PACT Admiral DCB and the Stellarex DCB is the amount of paclitaxel on the balloon surface. The IN.PACT Admiral DCB has a drug dose surface concentration of 3.5 compared with 2 µg/mm 2 on the Stellarex DCB. Drug pharmacokinetics is a key variable affecting DCB performance. Optimizing drug tissue uptake and retention while minimizing drug loss during transit and inflation remains the key goals of modern DCB technologies. 12, 15 The ILLU-MENATE EU RCT (Prospective, Randomized, Multi-Center, Single-Blind Study for the Treatment of Subjects Presenting with De Novo Occluded/Stenotic or Re-occluded/Restenotic Lesions of the Superficial Femoral or Popliteal Arteries using a Paclitaxel-Coated or Bare Percutaneous Transluminal Angioplasty Balloon Catheter) is the first trial to demonstrate that angioplasty with a low-dose DCB is able to achieve clinical outcomes comparable to that of a DCB with 75% more drug. The clinical implications of the higher drug dose coating formulation are unclear; however, low-dose DCBs carry the potential to reduce distal drug embolization, 16 which may translate into a safety advantage in specific patient populations and anatomic settings.
LEVANT 2 (Lutonix Paclitaxel-Coated Balloon for the Prevention of Femoropopliteal Restenosis Trial 2) assessed the safety and effectiveness of the Lutonix DCB, which also has a 2 µg/mm 2 surface concentration of pa- Figure 3 . Primary patency by Kaplan-Meier was significantly higher in the drug-coated balloon (DCB) group than the percutaneous transluminal angioplasty (PTA) group (P<0.001 by log-rank test; 89.0% vs 65.0% at day 365).
Bars represent 95% confidence intervals.
clitaxel. 3 This trial also had a blinded duplex ultrasound core laboratory assessing patency and the same peak systolic velocity ratio threshold to determine patency in a binary fashion. The trial randomized 476 patients with a mean lesion length of 6.3 cm in both groups. At 12 months, the patency rate was significantly higher in the DCB arm (73.5% versus 56.8%; P<0.001), although considerably lower than the rate observed in the present trial and in the IN.PACT SFA trial. There was no statistical difference between groups for rates of target lesion revascularization (12.3% versus 16.8%; P=0.21). To date, 2-year outcomes have not been published but have been reported. 17 The primary patency rate was 58.6% versus 53.0% (log-rank P=0.05) and freedom from CD-TLR was 82% versus 79% (P=NS) at 2 years, questioning the durability of outcomes with this low-dose DCB.
The effectiveness of a DCB may be affected by several components, including the antirestenotic drug, excipient, drug morphology, balloon material, manufacturing process, and drug pharmacokinetic properties and bioavailability. 15 More studies are needed to better understand the contribution of each of these factors and their role in DCB effectiveness.
Post hoc analyses show that the Stellarex DCB maintained a significant treatment effect compared with PTA in both critical subsets of women and patients with diabetes mellitus. These findings are important because diabetes mellitus has been identified as an independent predictor of decreased long-term primary patency after PTA/stenting, 18 and there was no treatment effect observed for the Lutonix DCB in women in the LEVANT 2 Trial. 19 The PTA data indicate that the control arm treatment was optimal with high short-term success rates and a relatively high patency rate. At 12 months, the patency rate was 65.0%, which is consistent with previous control arm data in prior randomized controlled DCB trials (IN.Pact SFA PTA arm patency rate, 66.8%) but nearly twice that for PTA used in previously published bare metal stent trials (33%). 20 Despite these optimal results, superiority was demonstrated with the DCB.
Limitations
Several limitations of this study deserve further discussion. Although the Clinical Events Committee, Data Safety and Monitoring Board, and core laboratory personnel were blinded to treatment, physicians were not blinded because of the visible coating on the DCB catheter. These data cannot be generalized to other DCBs because head-to-head comparative trials have not been completed. Finally, patients were selected with the use of strict inclusion and exclusion criteria; therefore, generalizability of these data to real-world cases may be limited. 
